The consumption of energy plays a pivotal role in the economic development of the industrialised world. Approximately 80% of the world's total primary energy consumption is accounted for by fossil fuels and this poses a significant challenge for the future as oil production peaks and begins to decline and we simultaneously face anthropogenic climate change caused primarily by the burning of fossil fuels.
78,000 jobs generated in RE industries in Australia by the year 2020 (EPIA, 2007) and many more worldwide. Figure 1 provides a comparison of the growth rates of different renewable energy technologies with fossil fuels and nuclear power.
Although the underlying principles of renewable energy technologies are founded in traditional scientific and engineering subjects, their design and deployment strategies can be considerably different. In addition they need to be deployed in a sustainable manner with a commitment to long term energy supply. The timing of peak oil is now expected to occur somewhere between 2006 and 2012 (Lloyd, 2007) . Thus there is some considerable urgency for researchers, technicians, analysts, planners and engineers with specific training in renewable energy technologies (ACCC, 2004) .
The Availability of Renewable Energy Courses
Presently there appears to be an insufficient number of people training in the fields of energy studies and renewable energy technologies. Although there is significant diversity in the courses offered and research undertaken in existing graduate programs there are still a number of issues that need to be addressed. In order to test this hypothesis a survey was carried out in Australia and New Zealand. A questionnaire was sent to all universities in Australia and New Zealand and they were asked to provide information about RE course offerings at the university level. The courses available include undergraduate and postgraduate programs which are offered on a coursework or research basis on various aspects of renewable energy. This includes courses in RE technology, energy efficiency, energy management and energy policy and planning. The detailed, tabulated results of this survey have been published elsewhere (Thomas, Jennings & Lloyd, 2008) . This paper focuses on the issues that arose from the survey and their broader, international implications. It is notable that Massey University and Murdoch University offer coursework in renewable energy to external students via the internet. This enables them to provide courses to students located anywhere in the world, provided they have internet access. Massey and Murdoch Universities have a cooperative program in which they share units and teaching resources so that students have a wider range of options available to them.
Undergraduate Courses

Postgraduate Research Programs
Postgraduate research programs in renewable energy and energy management are offered by eight Australian universities (all of the above plus Newcastle and Tasmania Universities), and two New Zealand universities. The Australian universities have particular strengths in photovoltaics, and solar thermal systems, while New Zealand is strong in biofuels and energy management. Very few universities offer research opportunities in energy policy or energy economics although this is an area of great interest to government and industry. Mainstream economics over the last few decades has become so growth-oriented that little attention has been directed to the economics of sustainable energy systems. With increasing focus on renewable energy technology and energy efficiency, this has suddenly become a crucial area for economic and policy research but there are few economists equipped to undertake it.
Key Findings
The results of the survey we undertook indicate that renewable energy education is still not a mainstream activity in most Australian and New Zealand universities and that training opportunities are particularly limited in some parts of these countries. The coverage of the technologies and the issues is also rather patchy. Some areas such as photovoltaics (PV), biomass and wind are strongly represented while courses on other promising renewable technologies such as solar thermal, wave power and geothermal energy are generally not available. A similar shortage of educational opportunities exists in regard to energy economics and energy policy and planning. This situation appears to be replicated internationally as discussed below.
Current Issues in Renewable Energy Education
The Skills Shortage
With the phenomenal growth of the renewable energy industry in recent years, manufacturers and end users are finding it difficult to obtain suitably qualified personnel with appropriate training and expertise. As a result there exists an opportunity for universities and technical institutes to meet this need. The current courses offered at various Australian and New Zealand universities are designed to address industry needs. For example, Western Power, the former State utility in Western Australia, funded the establishment of an undergraduate renewable energy engineering program at Murdoch University between 1999 and 2001, as a way of addressing the skills shortage. Also UNSW, a world leader in photovoltaic technology, is offering courses in this area which give Australian students unique qualifications in a growing field of renewable energy. In NZ, Otago University started a suite of undergraduate and graduate programs in 2000 to assist the NZ energy sector, which had been suffering a severe shortage of trained graduates since a downturn in interest in the mid 1980s. Simultaneously, Massey University moved into bio-fuels based on the agricultural emphasis at that University. The present skills crisis also affects the universities as they have lost key staff and potential research students to industry and are finding it difficult to recruit new staff in the highly competitive labour market for RE.
Currently, the renewable energy sector directly employs approximately 2 million people worldwide. The European Wind Association estimates that to reach 40 GW/ pa of wind power will require the creation of between 190,000 and 320,000 new jobs, whilst for photovoltaics, it is projected that to establish a production capacity of 3 GWp/pa will require approximately 100,000 new employees. These targets are likely to be met by the end of this decade, based on current growth rates. The European Biomass Association believes that employment in this particular sector will need to increase by 100,000 to meet current expansion plans (EUREC, 2006) . This is clearly a real challenge for industry and educators alike. Some universities have attempted to identify the major employment areas for graduates in this field and tailor courses to address them. Currently the greatest skills shortages appear to be in energy policy and planning and energy management and conservation.
Accreditation
There is currently no standard curriculum or accreditation process in place for courses in energy studies and RE, although all engineering courses need to meet engineering accreditation standards. There is no specialised professional organisation in this field that has the capacity to carry out accreditation. This is a crucial need for the development of this field of industry.
Content
In RE engineering there are wide differences between the employment outlook in different areas of RE technology as illustrated in Figure 2 . Most courses provide an adequate coverage of the main areas including, hydro, PV, wind, solar thermal and bio-energy but few address geothermal, microhydro, wave or tidal energy. There is also a need to provide training in sustainability issues since renewable energy sources do not inherently provide sustainable power supplies unless they are managed carefully. Many errors have been made in the past with large hydro dams, waste-to-energy incinerators and wind farm siting because the engineers involved in designing and operating them were not aware of the important social and environmental issues involved. Modern sustainable energy education needs to include economic, social, ethical and environmental considerations in addition to a sound technical training. At present only a minority of the available courses provide an integrated and balanced approach to RE education.
Lack of Textbooks
The field of renewable energy is relatively new and covers a wide range of rapidly developing technologies and hence it is difficult to find general introductory textbooks that cover the entire spectrum from policy to economics and from technologies to case studies. Furthermore, since the field of renewable energy is an interdisciplinary one, incorporating various areas including science (physics and chemistry), engineering, social sciences and economics, is challenging. As the field is changing so quickly, courseware very soon becomes obsolete and many Universities rely on the internet for contemporary information. This circumstance is quite serious because the quality of such information is not always assured and students cannot be certain about the reliability of the material that they access in this way
Linking Teaching to Research and Development
A multidisciplinary approach to renewable energy is critical to the successful development and deployment of such technology if it is to provide effective solutions to serious global problems such as oil depletion, air pollution and global warming. As a result, research and development on the technology needs to be integrated into education programs in such a way that students become aware of issues such as sustainability and the innovation process and its application to renewable energy (Jennings & Lund, 2001; Jennings, 2009) . We found that some courses do this by including research projects and demonstrations as part of their requirements and/or draw on researchers to assist with the presentation of coursework.
Research Funding
Funding for research and development in RE was cut by the Australian Commonwealth Government over the past fifteen years with, for example, funding sources such as the FiguRe 2: Employment levels in different renewable technologies in Australia (ACF, 2006) . Note that SHW is solar thermal hot water.
Energy Research and Development Corporation and the Cooperative Research Centre for Renewable Energy not renewed. This shortage of funding for renewable energy research and development has had wide implications for education programs, ranging from a shortage of textbooks and other learning aids for students, to staff shortages in vital areas. Some RE researchers have moved overseas where better conditions are available to support their research. The lack of research funding in recent years has also led to reduced numbers of PhD graduates and a shortage of suitable candidates for University positions. As a result, the capacity of universities to offer such courses is limited by the lack of qualified staff and resources. Australia, with a high dependence on revenues from the sale of fossil fuels, has been seen to favour the development of non-renewable technologies (such as "clean coal") at the expense of renewable ones. New Zealand too has a government that is only slowly coming to grips with the realities of future energy constraints.
International Comparisons
Although this paper addresses issues facing renewable energy education in Australia and New Zealand, most of these issues are likely to be common to other countries/ universities offering such courses. The most notable courses in renewable energy in the United States of America are offered by the Florida Solar Energy Center (http://www. fsec.ucf.edu/en/). This is currently the USA's largest and most active state-supported renewable energy and energy-efficiency research and training organisation. Some other institutions have recently introduced renewable energy programs at various levels, ranging from two-year electrical apprenticeships to graduate degrees. However, the idea of green engineering and ethical teaching of existing energy engineering courses is starting to influence the curriculum (Cengel, 2007) . The European nations have recognised the need to provide more comprehensive training in RE and have developed the European Masters in Renewable Energy. This is coordinated by the EUREC agency and is targeted at engineers who want to specialise in renewable energy technology. The 16-month program is run by a network of eight European universities and research centres, with students required to study in three locations. The course provides an extensive coverage of the various renewable energy technologies and was set up to satisfy the growing industry demand for renewable energy engineers (EUREC, 2006) .
There is clearly a similar set of issues in many countries where RE is developing rapidly and a shortage of skilled personnel is already apparent. Educators can learn valuable lessons by observing what other nations are doing to address this problem. Some recommendations for action are presented below.
Conclusions and Recommendations
In the context of a growing world population and rapid economic development in Asia, coupled with signs of peak oil and other resource depletion, any growth in energy consumption will provide great challenges. Though energy efficiency and energy management have improved greatly over the decades, total energy consumption continues to increase. There is no question that in the long term, as fossil fuels deplete, and global climate change sets in, the world will need to adopt renewable energy as a way of meeting its energy demand. As a result, the phenomenal growth in the renewable energy industry that has occurred over the past decade seems likely to continue. This situation will create an increased need for educational institutions to provide courses that will be able to cater to this expanding market sector and provide skilled and qualified professionals for the RE industry.
Although universities and technical colleges are responding to this challenge, there are still major issues and problems that need to be addressed. The curriculum will have to evolve to keep pace with the technical developments in the field and greater use of the Internet as a teaching aid will have to be adopted by all universities, if they are to remain at the front of this field and reach out to professionals in their homes and workplaces. Finally, there is a need for accreditation and quality assurance that must be addressed by Governments and professional organisations. These issues should be addressed as part of a national sustainable energy policy.
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